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INTRODUCTION
Pollination and seed dispersal are often mutualistic interactions between animals, which gain a source of food, and plants, which gain a pollen vector or seeddispersal agent. Though many studies have demonstrated coevolution between flowers and their pollinators, less is known about both the benefits and the specificity of interactions between plants and their dispersers (Howe and Smallwood 1982) . In some cases, seed dispersal may be both required for germination and accomplished by a single partner; extinction of the animal disperser will cause extinction of the coevolved plant species (Temple 1977) . Alternatively, the loss of a whole guild of dispersers may merely lead to new dispersers taking over, or to passive seedfall beneath the parent, with recruitment continuing and with little change in plant distribution or abundance (Janzen and Martin 1982) .
Plants that have seeds dispersed by ants (myrmecochores) may be particularly sensitive to changes in the disperser community. Ants are attracted by elaiosomes, food bodies attached externally to the seed, and carry the seed to their nests. The elaiosome is eaten and the seed is left planted in the nest or is discarded nearby in ant middens (Sernander 1906 Fynbos is burnt by fires at intervals of 3 to >60 yr; shrubs survive either by stump-sprouting or as seeds (Kruger 1977 ). Seedling establishment is virtually confined to the immediate postfire period (Kruger 1977 ), so it is relatively easy to follow the influence of dispersal on population growth. This study was designed to test the hypothesis that the Argentine ant, by replacing indigenous ants, disrupts a coevolved dispersal system and reduces seedling establishment. We concentrated particularly on the importance of seed predation in the absence of effective seed burial and dispersal. We studied the end effect of ant dispersal by observing patterns of seedling distribution and survival after fire in areas infested by Iridomyrmex humilis. At each site, we established a grid in which two lines, spaced 10 m or more apart, each had four stations at 5 m intervals. Sites 1 (native ants only) and 3 (Argentine ants present) included both vertebrate and ant exclosure treatments. A 15-mm wire mesh cage the size and shape of an inverted wastepaper basket was placed at each of the eight stations at each of these two sites. The cages were secured to the ground by iron pegs. The cages excluded birds and small mammals, but allowed free passage to ants carrying seeds. Two wooden boards were placed under each exclosure. Five fresh seeds of Mimetes cucullatus were placed loosely on one board; five more fresh seeds were glued to the second board with a glue that was colorless and odorless (to humans) when dry. The loose seeds were accessible to ants but not to small mammals; the glued seeds were inaccessible to both ants and mammals, and were used as a control on the efficiency of the exclosures. A third board was placed 2 m from the cages, and five seeds were glued to it. This board excluded ants but was accessible to vertebrate predators.
The three remaining sites had only two treatments, one with seeds free and one with seeds glued to the wooden board at each station. Vertebrates were not excluded.
Grids were checked at least once daily for numbers and fate of seed remaining in each exclosure. A circle of radius 0.5 m around each station was searched for seed or seed remnants.
Influence of Iridomyrmex on seedling emergence and distribution
We studied the effect of the Argentine ant on seedling recruitment by feeding seeds to ants shortly before a fire. Fresh seed depots were established on 12 April in three separate areas. Area A was infested by Iridomyrmex; area B did not contain Iridomyrmex; area C straddled the boundary between infested and noninfested habitats. In area A and area B we laid out six depots of 25 seeds each in two parallel rows 25 m apart, with three depots in each row spaced 25 m apart. Area C had four depots of 25 seeds each spaced 25 m apart in two parallel rows. The closest proximity of any naturally occurring M. cucullatus to any depot group was >100 m.
All three experimental areas were burnt in a prescribed fire on 5 May. After the fire, we mapped seedling distribution and densities at the experimental areas and also under naturally occurring M. cucullatus shrubs in both infested and noninfested habitats. We report results of seedling censuses up to 21 July. 
Distribution of Iridomyrmex
To disrupt seed dispersal significantly, Iridomyrmex would have to dominate or replace native elaiosomegathering ants. The distributions of Iridomyrmex and native ants were mapped from their incidence at meat baits placed in transects throughout the study area.
RESULTS

Influence of Iridomyrmex on seed dispersal
Removal rates.-Seed removal by native ants was very rapid. Eighty percent of the loose seed was removed <30 min after we set up the exclosure experiments; 100% was removed by the end of the first day. Ants were recruited in large numbers and seed was transported to the nests. Only one of two speciesAnaplolepis custodiens or Pheidole capensis-was active at each depot. A. custodiens dominated at site 1 (6 out of 8 stations), and P. capensis dominated at site 2 (6 out of 8 stations).
Seed removal in habitats infested by Iridomyrmex was much slower (Fig. 1) , and we seldom observed any seed removal by this species. Only 44% (range 37.6-50%) of the loose seed was removed (by both ants and seed predators) during the first day.
Fate of loose seed. -We observed ants removing seeds and burying them from all except one station (five seeds) in the Argentine-free areas. All the seeds we were able to follow were buried, and we therefore assume 100% burial. In later observations, we did not find any seeds in the vicinity of the nests. Tables 2 and 3 ). Perhaps these seed were dispersed and buried and will escape predation. Since the mean proportion of loose seed unknowns in the three Iridomyrmex localities was only 22.5% of the seed (range 10-40%), dispersal by Argentine ants is, at best, less than one-half as effective as dispersal by indigenous ants. 
Influence of Iridomyrmex on seedling establishment
Iridomyrmex present (P < .001, t test).
Iridomyrmex humilis and Tetramorium quadrispinosum were both present in area A. The latter is an indigenous ant that seems capable of an uneasy coexistence with I. humilis. It has been observed taking elaiosome-bearing seed but is slow-moving and lacks the large colony structure of the dominant seed-dispersing ants.
Common ants in area B were Anaplolepis steingroeveri, Pheidole capensis, T. quadrispinosum, and Camponotus niveosetosus. No Iridomyrmex was present. Seedlings occurred in groups, and each group was associated with ant nests or nest holes. The 53 seedlings fell into 18 groups. Twelve groups (42 seedlings) were associated with A. steingroeveri nests and 6 groups (11 seedlings) with P. capensis nests.
Area C straddled the boundary of Argentine-infested habitat. No seedlings emerged on the Iridomyrmex side. On the indigenous-ant side, five seedlings emerged, apparently originating from one depot, and all from a P. capensis nest. Observations on naturally occurring populations of Mimetes burnt in the same fire further demonstrated the disruptive effect of Iridomyrmex on seed dispersal and seedling establishment (Fig. 2) . In the infested habitat, seedlings were found only in the area that, before the fire, was below the crown of the parent plant, where there would be little chance of surviving in competition with sprouting parents. The hypocotyls of 30 excavated seedlings were each shorter than 12 mm, suggesting germination occurred from seed in the unburnt litter layer. In the noninfested habitat, seedlings were both better dispersed (only 25% were found below the crown) and more abundant. The average hypocotyl length of 30 excavated seedlings was 43 mm, suggesting that most seed germinated below the soil surface. Ants found in the area included Anaplolepis steingroeveri and Pheidole capensis.
Distribution of Iridomyrmex
Iridomyrmex has colonized 38 ha of the Kogelberg Valley and has completely displaced the dominant indigenous ants: Pheidole capensis, Anaplolepis steingroeveri, and A. custodiens. None of these species was recorded at baits within the infested area, but all were common on baits outside it, so the boundary between infested and noninfested habitats could be precisely drawn (Table 4) . Second, native ants transported seeds to their nests before feeding on the elaiosomes. In contrast, Iridomyrmex moved seeds for very short distances (mostly <10 cm) and did not take them into nests. Instead, they left seed exposed on the soil surface or transported seed under leaves, into shallow hollows between superficial roots, or (as shown in several of our experiments) under the wooden blocks. Thus seeds remained vulnerable after dispersal.
Third, both Anaplolepis and Pheidole build subterranean nests with galleries and channels well suited to seed storage away from fire and predators (Steyn 1954 There is good circumstantial evidence that myrmecochorous Proteaceae seed may remain viable in the soil for at least 15 yr (Rourke 1976) . The effects of the Argentine ant on seedling recruitment thus may only appear decades after invasion. This study merely suggests the possible magnitude of those effects. Unless the spread of the Argentine ant is checked, we believe that by slow and subtle attrition of seed reserves many ant-dispersed species, including a large proportion of the Cape's most spectacular, rare, and endemic Proteaceae, will be driven to extinction.
